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MONITORING HEAVY AND TRACE METALS 
EXISTING IN SELECTED CHILDREN'S FOOD 
G harib Mahmo ud Taha, Abd El-Salam Abd EI-G hanyArifien and 
Safaa El-Nahas AbasChemistry Department, Aswan Faculty o f Science, 
South Va ll ey U niversity, Aswan, Egypt. 
ABSTRACT 
High o r low levels o f essential and trace elements in foods typically eaten by child re n 
(potato chi ps, "karate" [a cri spy pu ffed corn paste ], biscuits and cakes) may cause signi f-
icant health problems. In thi s study, the amo un ts of 13 elements (Ca, Cd, Co, C u, Cr, 
Fe, K, Mg, Mn, N a, Ni , Pb and Zn ) were estimated in samples collected fro m super-
markets in Aswan City, Upper Egypt. Food samples included, 28 kinds of potato chi ps, 
44 kind of karate, 15 kind o f biscuits and 13 kind of cakes. One hundred samples were 
analyzed. T he results showed that potato chips have the hi ghest leve l of C u, K, Mg, Na, 
and Pb, but they have low level o f Ca. On the o ther hand , karates have the highest Na 
concentratio ns. Also, biscuits and cakes have high Pb levels. It is strongly recommended 
that the food ind ustry in Egypt pay more attentio n in supplying and in technological 
management of snack food products to avoid the exposure o f child ren to dange rously 
high o r low levels of elements. 
C hemical estimation of heavy and trace element levels in human diets and their com-
ponents provide the best ind icatio n of intake levels in relation to minimum needs and 
toxic po tential. Food is a commo n source of trace metals, which accu mulate to toxic lev-
els in di fferen t ti ssue of the human body and cause damage to many systems (renal, car-
diovasc ular, gastrointestinal, endocrine, nervous, etc. ) ( Reilly, 1991 ). In recent years, 
determination of trace elements in clinical and bio logical materials and foods has been of 
considerable interest because o f the well -documented toxic effects o f some of these ele-
ments on intrinsic mechanisms regulating vital bio logical processes (Shang and H ong, 
1997 ). For o ther elements, trace amo unts of vario us elements are necessary fo r prope r 
nu trition of the human body. 
Prese nce of elements in food can be natu rally occurring, or may result fro m numer-
o us ind ustri al operations, where vario us chemicals are used at d iffe rent stages in produc-
tio n and processing o f food . In both the prese rvatio n and processing o f foods, many sub-
stances are used to prevent spo ilage, promote binding properti es, enhance fl avor ·and 
nutri tive value, and act as ant ioxidants o r colo ring age nts, etc. (Gracey, 1986 ). Metals 
may also contaminate a food source by a leaching process between the food and its con-
tainer ( H agstad and H ubber, 1986 ). T he risk of defi ciencies o r toxicities of trace ele-
ments and at tendant patho logies are dependent on a number of fac to rs includ ing the 
daily dietary intake, amo unt o f minerals in food consumed, technological treatment o f 
the prod ucts, p resence o f substances that limit o r increase the bioavail abili ty of minerals, 
and the physio logica l state and ove rall health of the consumer (Barbra et al, 1992 ). 
Because of great sensitivity of the developing tissue and o rgans of young children toward 
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e l e m e n t s  i n  t h e  d i e t ,  t h e  p u r p o s e  o f  t h i s  s t u d y  w a s  t o  e x a m i n e  l e v e l s  o f  s o m e  h e a v y  a n d  
t r a c e  e l e m e n t s  i n  s e l e c t e d  s n a c k  f o o d s  i n  E g y p t  t h a t  a r e  a m o n g  f o o d s  m o s t  c o n s u m e d  b y  
c h i l d r e n  o f  t h i s  c o u n t r y .  
M E T H O D S  
F O O D  S A M P L E S  C O L L E C T E D  
S a m p l e s  o f  2 8  k i n d s  o f  p o t a t o  c h i p s ,  4 4  k i n d s  o f  k a r a t e ,  1 5  k i n d s  o f  b i s c u i t s  a n d  1 3  
k i n d s  o f  c a k e s  w e r e  p u r c h a s e d  f r o m  s u p e r m a r k e t s  i n  A s w a n  C i t y ,  U p p e r  E g y p t .  
S a m p l e s  D i g e s t i o n  
U s i n g  t h e  m e t h o d s  o f T i n g g i ,  e t  a l .  (  1 9 9 7 ) ,  t r i p l i c a t e s  o f  f i v e  g r a m s  o f  d r i e d  s a m p l e s  
w e r e  a c c u r a t e l y  w e i g h e d  a n d  t r a n s f e r r e d  t o  1 5 0 - m l  c o n i c a l  f l a s k s .  A  m i x t u r e  o f  s t r o n g  
a c i d s ,  H N O 3  - H 2 S O 4  ( 1 2 : 2  m l )  w a s  a d d e d .  T h e  s a m p l e s  w e r e  t h e n  l e f t  a t  r o o m  t e m -
p e r a t u r e  o v e r n i g h t  t o  a v o i d  t h e  v i g o r o u s  f u m i n g  o f  N O 2  d u r i n g  h e a t i n g .  G l a s s  f u n n e l s  
w e r e  i n s e r t e d  i n t o  t h e  f l a s k s  f o r  r e f l u x i n g .  T h e  p r e s e n c e  o f  H 2 S O 4  w a s  a d d e d  t o  p r e v e n t  
t h e  s o l u t i o n  f r o m  d r y i n g  o u t  w i t h  i n c r e a s i n g  t e m p e r a t u r e .  T h e  d i g e s t i o n  w a s  c o n t i n u e d  
u n t i l  t h e  a p p e a r a n c e  o f  w h i t e  f u m e s  o f  S O 3 .  T h e  e n t i r e  p r o c e d u r e  w a s  r e p e a t e d  f o r  a  
b l a n k  c o n t a i n i n g  t h e  s a m e  a m o u n t  o f  a c i d  m i x t u r e  w i t h o u t  s a m p l e s .  D i g e s t e d  s o l u t i o n s  
w e r e  t h e n  h e a t e d  t o  n e a r  d r y n e s s ,  d i l u t e  H C l  w a s  a d d e d  a n d  t h e  s o l u t i o n s  w e r e  h e a t e d  
a g a i n ,  c o o l e d  a n d  t r a n s f e r r e d  t o  a  m e a s u r i n g  f l a s k ,  a n d  d e i o n i z e d  w a t e r  w a s  a d d e d  t o  
m a k e  t h e  s o l u t i o n  a m o u n t  e q u a l  t o  2 5  m l .  
M a t e r i a l s  
A l l  c h e m i c a l s  u s e d  w e r e  o f  A . R  g r a d e  ( 9 9 . 9 9  p e r c e n t )  a n d  p u r c h a s e d  f r o m  B D H ,  
A l d r i c h  S i g m a  a n d / o r  M e r c k .  C e r t i f i e d  a t o m i c  a b s o r p t i o n  s p e c t r o s c o p i c  s t a n d a r d  s o l u -
t i o n  ( l m g / m l )  f o r  c a l c i u m  ( C a ) ,  c a d m i u m  ( C d ) ,  c o b a l t  ( C o ) ,  c h r o m i u m  ( C r ) ,  c o p p e r  
( C u ) ,  i r o n  ( F e ) ,  p o t a s s i u m  ( K ) ,  m a g n e s i u m  ( M g ) ,  m a n g a n e s e  ( M n ) ,  s o d i u m  ( N a ) ,  n i c k -
e l  ( N i ) ,  l e a d  ( P b )  a n d  z i n c  ( Z n )  w e r e  p u r c h a s e d  f r o m  B D H ,  U K .  W o r k i n g  s o l u t i o n s  w e r e  
p r e p a r e d  b y  a p p r o p r i a t e  d i l u t i o n  o f  t h e  s t o c k  s o l u t i o n s .  T o m a t o  l e a v e s  ( T O L )  a n d  
O r c h a r d  l e a v e s  ( O L )  b i o l o g i c a l  s t a n d a r d ,  w e r e  a l s o  u s e d  t o  a s s u r e  c e r t i f i e d  r e s u l t s .  
A p p a r a t u s  
A  r e c o r d i n g  f l a m e  a t o m i c  a b s o r p t i o n  s p e c t r o p h o t o m e t e r ,  S o l a r ,  m o d e l  9 6 9 ,  d i g i t a l ,  
d i r e c t  r e a d o u t  o f  t h e  c o n c e n t r a t i o n  w a s  u s e d  f o r  e s t i m a t i n g  C a ,  C d ,  C o ,  C r ,  C u ,  F e ,  K ,  
M g ,  M n ,  N a ,  N i ,  P b  a n d  Z n  l e v e l s  i n  t h e  m o n i t o r e d  s a m p l e s .  
S t a t i s t i c a l  A n a l y s i s  
D e s c r i p t i v e  s t a t i s t i c s  w e r e  c a l c u l a t e d  o n  t h e  l e v e l s  o f  t r a c e  m i n e r a l s ,  i n c l u d i n g  m e a n ,  
m e d i a n ,  t r i p l i c a t e - m e a n ,  s t a n d a r d  e r r o r  o f  t h e  m e a n ,  s t a n d a r d  d e v i a t i o n ,  m i n i m u m  v a l u e  
a n d  m a x i m u m  v a l u e .  T h e s e  v a l u e s  w e r e  c o m p a r e d  w i t h  t h e  R e c o m m e n d e d  D a i l y  
A l l o w a n c e  ( R D A )  o r  E s t i m a t e d  S a f e  a n d  A d e q u a t e  D a i l y  D i e t a r y  I n t a k e s  ( E S A D D i s ) .  
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RESULTS AND DISCUSSION 
The mean elements concentration (triplicates) obtained from analysis of samples 
under study are recorded in Tablel. The descriptive statistical analysis is presented in 
Table 2. 
Calcium (Ca): 
Calcium, the major cation of bone, is needed in an increased amount during peri -
ods of growth or during new bone formation .The RDA (Recommended Dail y 
Allowance ) fo r children from one -10 years of age is 800 mg (Alper, et al. , 1995 ). Biscuits 
and cakes have relatively higher Ca content (Table 3) than the o ther foods sampled which 
is probably due to the high Ca content in their collected ingredients. Karate has the low-
est Ca content, which may be due to the low Ca contents in corn , especially after milling. 
All analyzed samples were under the recommended daily allowance for Ca. Results of 
other international studies agree with the current study. Ikem , et al. 2002, stated that the 
mean Ca content in some in fa nt formula samples purchased from Nigeria, U .K. and the 
U.S .A. ranged from 344 + 53.1 to 700 + 138 ug/ml. Also, Turkish bread has low Ca 
content, which ranged from 19 + 0 .84 to 43 + 1.7 mg/ l 00 g (Dagliou glu and Tuncel, 
1999). Calcium concentratio n of yogu rts collected from Turkey ranged from 1 .276 + 
0 .127 in cherry fl avored yogurt to 1.544 + 0 .438 g/kg in yogurt (Orak, et. al, 1998). 
Cadmium (Cd): 
Cadmium is virtuall y absent from the human body at the moment of birth and is 
accu mulated with upgrowth in body tissues. Toxic levels of cadmium cause kidney fai l-
ure ( Gracey and Collins, 1992 ). Even low level exposure to Cd causes accu mulation in 
the tissue over time and may lead to hypertension , testicular atrophy, and may induce 
prostate cancer, renal dysfunction, bone changes and anemia (WHO, 1980). The maxi-
mum permissible limit of Cd in food is 0 .05 mg/kg (Egyptian Organi zation fo r 
Standard ization 1993). Cadmium was found in levels above the maxi mum permissible 
limit in biscuits and cakes in this sample, but were below those reported by Marzec et .al. , 
( 1998), who reported Cd content in some Polish-made confectioneries (e .g., biscuits, 
waffles and cream sandwiches) ranged from 0 .05 to 0 .14 mg/ kg. Results are also com -
patible with those reported by Abdou and Korashy (2001 ), where the Cd content ranged 
from 0 .0 + 0 to 0.1 7 + 0 .36 mg/kg for milk and milk product samples coll ected from 
Egypt. Those recorded by El-Prince and Abdel -Mohsen (2001 ) and Eklund and 
Oskarsson (1999 ), for some infant food is similar to samples in the present study. 
Cobalt (Co): 
Cobalt is a main component of vitamin B12. It plays an important role in the metab-
oli sm of iron and in the synthesis of hemoglobin . C hronic cobalt deficiency in humans is 
one of the mai n risk fac tors for cardiovascul ar disease and vitiligo (Qiu, 1979; Sun, 1984 
and Zhang, 1996 ). In the current sample, potato chips had the highest cobalt content. 
Murthy et al. , ( 197 1) found the total Co intake for children in U .S.A. varies from 0 .30 
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t o  1 . 7 7  m g / d a y .  D e b e c a  a n d  M c K e n z i e  ( 1 9 9 5 )  e s t i m a t e d  t h e  c o b a l t  l e v e l s  i n  f o o d  c o m -
p o s i t e s ,  t h e  h i g h e s t  c o n t e n t  b e i n g  i n  w a f f l e s  ( 7 6  n g / g ) ,  p a n c a k e s  ( 7 4  n g / g )  a n d  p o t a t o  
c h i p s  ( 7 0  n g / g ) .  M a ,  e t  a l . ,  ( 2 0 0 0 )  e s t i m a t e d  t h e  C o  c o n t e n t  i n  s p i n a c h ,  f l o u r  a n d  t e a  
t o  b e  3 . 1 0 ,  1 . 8 5  a n d  2 . 1 7  u g / g ,  r e s p e c t i v e l y .  
S i m p k i n ,  e t . a l ,  ( 2 0 0 0 )  f o u n d  t h a t  C o  c o n t e n t  r a n g e d  f r o m  0 . 0 0 1  t o  0 . 0 0 3  u g / g  i n  
m o s t  A u s t r a l i a n  j u i c e  s a m p l e d  a t  d i f f e r e n t  l o c a t i o n .  M o h a m m e d ,  ( 2 0 0 0 ) ,  f o u n d  t h a t  h i g h  
l e v e l  o f  C o  c o n t e n t  p r e s e n t  i n  s o m e  k i n d s  o f  d a t e s  i n  S a u d i  A r a b i a  s u c h  a s  L u b a n a ,  B a l a h ,  
H e l w a  a n d  A l - A h s a a ,  w h i c h  h a v e  0 . 7 4 ,  0 . 5 5 ,  0 . 8 4  a n d  0 . 4 1  m g / k g ,  r e s p e c t i v e l y .  
C h r o m i u m  ( C r ) :  
C h r o m i u m  i s  r e c o g n i z e d  a s  a n  e s s e n t i a l  t r a c e  e l e m e n t  f o r  h u m a n s ,  a n d  i s  i n v o l v e d  i n  
i n s u l i n  f u n c t i o n  ( O f f e n b a c h e r  a n d  P i - S u n y e r ,  1 9 8 8 ) .  T h e  s a f e  i n t a k e  r a n g e  o f  C r  i s  e s t i -
m a t e d  a s  5 0 - 2 0 0  x l 0 3  n g  i n  U n i t e d  S t a t e s  f o r  a d u l t s  ( A l p e r ,  e t  a l . ,  1 9 9 5 ) .  T h e  b i s c u i t s  
a n a l y z e d  i n  t h e  c u r r e n t  s t u d y  h a d  t h e  h i g h e s t  C r  c o n t e n t ,  w h i c h  m a y  b e  d u e  t o  t h e  h i g h  
C r  c o n t e n t  i n  t h e  c o m p o n e n t s  u s e d  f o r  b a k i n g  t h e  b i s c u i t s .  C h r o m i u m  l e v e l s  i n  t h e  s a m -
p l e s  u n d e r  s t u d y  a r e  h i g h e r  t h a n  t h o s e  r e p o r t e d  b y  T i n g g i ,  e t  a l . ,  (  1 9 9 7 )  w h e r e  t h e y  e s t i -
m a t e d  t h e  C r  c o n t e n t  i n  b i s c u i t s  w i t h  c r e a m ,  c a k e s  w i t h  c h o c o l a t e ,  s o n e ,  m u e s l i  b a r s  a n d  
r o a s t e d  p o t a t o e s ,  a n d  w e r e  f o u n d  t o  h a v e  2 3  +  2 . 7 ,  3 0 . 5  +  6 . 7 ,  4 2 . 2  +  1 0 . 2 ,  4 2 3  +  I O  
a n d  1 9  . 0  +  2 . 2  n g / k g ,  r e s p e c t i v e l y .  C a r o l i ,  e t  a l . , (  1 9 9 9 )  f o u n d  t h e  C r  c o n t e n t  i n  h o n e y  
r a n g e d  f r o m  1 . 0 3  t o  3 . 9 3  n g / g .  
C o p p e r  ( C u ) :  
C o p p e r  i s  c o n s i d e r e d  a n  e s s e n t i a l  m i n e r a l  f o r  t h e  f u n c t i o n  o f  c e r t a i n  e n z y m e s  
( G r a n d j e a n ,  1 9 8 6 ) .  C o p p e r  i s  i n v o l v e d  i n  r e s p i r a t i o n  a n d  s y n t h e s i s  o f  h e m o g l o b i n .  I t  
p l a y s  a  v i t a l  r o l e  i n  t h e  p r o d u c t i o n  o f  t h e  s k i n  p i g m e n t  m e l a n i n .  C o p p e r  i s  u s e d  i n  t h e  
t r e a t m e n t  o f  a n e m i a  b e c a u s e  i t  w o r k s  w i t h  i r o n  i n  t h e  d e v e l o p m e n t  a n d  m a i n t e n a n c e  o f  
r e d  b l o o d  c e l l s  a n d  t h e  p r o t e i n  h e m o g l o b i n  ( K i r s c h m a n ,  1 9 9 6 ) .  C h i l d r e n  s h o u l d  h a v e  a  
d a i l y  i n t a k e  b e t w e e n  1 . 0  a n d  1 . 5  m g / d a y  ( A l p e r s ,  e t  a l . ,  1 9 9 5 ) .  P o t a t o  c h i p s  i n  t h e  p r e s -
e n t  s t u d y  h a v e  t h e  h i g h e s t  C u  c o n c e n t r a t i o n  a n d  e x c e e d  t h e  m a x i m u m  d a i l y  i n t a k e  f o r  
c h i l d r e n .  T h a t  m a y  b e  a t t r i b u t e d  t o  t h e  u s e  o f  c o p p e r  a c e t a t e  a n d  c o p p e r  m o n o h y d r a t e  
a s  f e r t i l i z e r  f o r  c r o p  p r o d u c t i o n  ( A l l o w a y ,  1 9 9 5  ) .  T h e  r e s u l t s  a r e  s i m i l a r  t o  t h o s e  r e p o r t -
e d  b y  M a r z e c ,  e t  a l . ,  ( 1 9 9 8 ) ,  w h e r e  c o p p e r  c o n t e n t  r a n g e d  f r o m  0 . 5 5  t o  5 . 6 5  m g / k g  i n  
s o m e  P o l i s h - m a d e  c o n f e c t i o n e r y  p r o d u c t s ,  e . g . ,  b i s c u i t s ,  w a f f l e s  a n d  c r e a m  s a n d w i c h e s .  
E l - P r i n c e  a n d  A b d e l - M o h s e n ,  ( 2 0 0 1 )  e s t i m a t e d  t h e  C u  c o n t e n t  i n  s o m e  i n f a n t  f o o d s  
a n d  f o u n d  l e v e l s  o f  1 . 5 9  +  0 . 2 6  m g / k g .  R e s u l t s  o f  t h e  p r e s e n t  w o r k  a r e  c o m p a t i b l e  w i t h  
t h o s e  i n  T u r k i s h  b r e a d ,  w h e r e  C u  l e v e l s  r a n g e d  f r o m  1 . 7  +  0 . 1  t o  3 . 9  +  0 . 2  m g / k g  
( D a g l i g l u  a n d  T u n c e l ,  1 9 9 9 ) .  O n  t h e  o t h e r  h a n d ,  t h e  r e s u l t s  f o u n d  i n  t h i s  s t u d y  a r e  l e s s  
t h a n  t h e  e s t i m a t e d  c o p p e r  c o n t e n t  ( 0 . 3 6  +  0 . 4  t o  0 . 7 2  +  0 . 1 1  u g / m l )  i n  s o m e  i n f a n t  m i l k  
c o l l e c t e d  f r o m  N i g e r i a ,  U . K .  a n d  U . S . A .  ( I k e m ,  e t  a l . ,  2 0 0 2 ) .  S a a d ,  e t  a l . ,  ( 2 0 0 1  ) ,  m e a s -
u r e d  t h e  l e v e l  o f  c o p p e r  i n  f a r m  b u l k  m i l k  c o l l e c t e d  f r o m  I s m a i l i a  a n d  E L - S h a r k i a  
G o v e r n o r a t e s  a n d  f o u n d  t h a t  t h e  C u  l e v e l s  d e c r e a s e  a s  l e a d  l e v e l s  i n c r e a s e .  T h e s e  f i n d -
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Iron (Fe): 
Iron deficiency is a serious heath problem affecting a large proportion of the world's 
population (Macphail and Bothwell, 1992). Food fortification programs are a cost effec-
tive mean for reducing the prevalence of iron deficiency (Yip, 1997) . While iron defi -
ciency is often associated with other vitamin and mineral deficiencies, most n9tably with 
zinc deficiency in children resulting in anemia, dwarfism and hypogonadism (Alpers, et 
al., 1995 ), chronic iron overload in humans results in hepatocellular damage and fibro -
sis (Doyle, et al., 1993 ). In the present study, biscuit samples had the highest iron con-
tent, however most samples were below the recommended daily intake of l0mg/ kg 
(WHO, 1980). Presence of iron in food may be attributed to the addition of iron using 
fortification (Alper, et al., 1995 and Sari, et al., 2001 ). Results of the present investiga-
tion are similar to those recorded for Polish -made confectionery products, e.g., biscuits, 
affects and cream sandwiches, where Fe contents ranged from 7 .0 to 56.5 mg/ kg 
(Marzec, et al ., 1998 ). In addition, results agree with those recorded by El -Prince and 
Adel -Mohsen (2001 ). Iron content in powdered infant milk collected from Nigeria, 
U.K., and U.S.A., was relatively lower, and ranged from 2.98 to 16.7 ug/ ml (Ikem, et 
al., 2002 ). Also Turkish bread had low iron content, ranging from 6 .0 to 22.5+ 0.4 
mg/kg (Dagliglu and Tuncel, 1999). The obtained results are higher than those record-
ed by both Dagliglu and Tuncel, 1999) and Ikem , et al., (2002 ). 
Potassium (K): 
Potassium is the ma1or intracellular cation along with sodium and calcium . It is 
responsible for maintenance of normal electric potential across cell membranes . Average 
intake of K ranged from 780 to 1600 mg/day for infant and children (Alpers, et al ., 
1995 ). Potato chips in the current samples had the highest potassium level compared to 
other samples under investigation but no sample exceeded the maximum daily intake 
amount. The obtained result was lower than results recorded by Orak, et al., ( 1998) for 
yogurt and cheese collected from Turkish markets, whereas results were similar to those 
reported for infant formulae and milk powders in New Zealand (Hua, et al., 2000 ). 
The mean potassium level in cow milk obtained from different cities in Turkey was 
1.43 g/kg. Different companies produce those milk samples in Turkey. The highest lev-
els of potassium in coca flavored milk samples (2 .04± 0.32 g/kg) occurred because of 
adding the mineral (Orak, et al., 2000 ). The Lazio honeys had average potassium con-
tent of approximately 472 ug/g which is similar meant to that reported for Spanish 
honey (Conti, 2000 ). 
Magnesium (Mg): 
Extracellular magnesium , important in neuromuscular transmission, is a component 
of bone matrix and is an essential cofactor in many enzyme reactions including oxidative 
phosphorylation and nucleic acid synthesis. All enzymatic reactions that involve ATP 
(Adenine Tri Phosphate ) require Mg (Alper, et al., 1995 ). The daily intake for up to one -
year of age is 60 mg, and is 80 mg for children ages one-three years, 120 mg for ages 
four-six years and 170 mg for seven -IO years. Potato chips have the highest Mg content 
(mean 1583 .4 mg/ kg ), far more than the samples of karate, biscuits and cakes. The 
International Journal of Global Health and H ealth Disparities 39 
5
Taha et al.: Monitoring Heavy and Trace Metals in Selected Children's Food
Published by UNI ScholarWorks, 2004
r e s u l t s  a r e  s i m i l a r  t o  t h e s e  r e p o r t e d  b y  M a r z e c ,  e t  a l . ,  (  1 9 9 8 )  f o r  s o m e  P o l i s h  b i s c u i t s ,  
w a f f l e s  a n d  c r e a m  s a n d w i c h e s  s a m p l e s .  T h e  o b t a i n e d  r e s u l t s  a r e  h i g h e r  t h a n  r e c o r d e d  b y  
I k e m ,  e t  a l . ,  ( 2 0 0 2 )  f o r  i n f a n t  m i l k ,  a n d  s i m i l a r  t o  t h o s e  r e p o r t e d  b y  O r a k  ( 1 9 9 8 )  a n d  
( 2 0 0 0 ) .  
M a n g a n e s e  ( M n ) :  
M n  i s  o n e  e l e m e n t  c a p a b l e  o f  c a u s i n g  p e r m a n e n t  b r a i n  d a m a g e  a n d / o r  p e r s o n a l i t y  
d i s o r d e r s  ( J a m e s ,  1 9 8 5 ) .  M n  i n t o x i c a t i o n  i n  m a n  i s  m o r e  i m p o r t a n t  t h a n  d e f i c i e n c y .  T h e  
p r o v i s i o n a l  s a f e  i n t a k e  i s  2 - 5  m g  f o r  a d u l t  ( A l p e r s  e t  a l . ,  1 9 9 5 ) .  P o t a t o  c h i p s  h a v e  t h e  
h i g h e s t  M n  c o n t e n t  t h a n  t h e  o t h e r  f o o d s ,  b u t  n o  s a m p l e s  e x c e e d e d  t h e  a l l o w a n c e  v a l u e s .  
R e s u l t s  w e r e  l o w e r  t h a n  t h o s e  r e p o r t e d  b y  M a r e e ,  e t  a l . ,  (  1 9 9 8 )  f o r  s o m e  P o l i s h - m a d e  
c o n f e c t i o n e r y  p r o d u c t s ,  e . g . ,  b i s c u i t s ,  w a f f l e s  a n d  c r e a m  s a n d w i c h e s .  T h e  o b t a i n e d  r e s u l t s  
a r e  s i m i l a r  t o  t h o s e  r e p o r t e d  b y  T i n g g i  e t  a l . ,  ( 1 9 9 7 )  f o r  b i s c u i t s  a n d  c a k e s  ( c r e a m ,  
c h o c o l a t e ,  s o n e  a n d  m u e s l i  b a r ) .  O n  t h e  o t h e r  h a n d ,  i n f a n t  f o r m u l a  h a d  l o w  M n  c o n t e n t  
a s  r e p o r t e d  b y  I k e m ,  e t  a l . ,  ( 2 0 0 2 )  a n d  H u a ,  e t  a l . ,  ( 2 0 0 0 ) .  
S o d i u m  ( N a ) :  
S o d i u m  i s  t h e  m o s t  a b u n d a n t  i n t r a c e l l u l a r  c a t i o n  r e s p o n s i b l e  f o r  t h e  o s m o l a r i t y  a n d  
i o n i c  b a l a n c e  o f  t h e  e x t r a c e l l u l a r  f l u i d s  a n d  t h e  e l e c t r o c h e m i c a l  g r a d i e n t s  o f  n e r v e  a x i o n s  
f o r  e l e c t r i c a l  i m p u l s e s  t o  b e  t r a n s m i t t e d  ( S p a l l h o l z ,  e t  a l . ,  1 9 9 9 ) .  T h e  1 9 8 9  
R e c o m m e n d e d  D i e t a r y  A l l o w a n c e s  P u b l i c a t i o n  l i s t e d  a n  e s t i m a t e d  m i n i m u m  r e q u i r e -
m e n t  f o r  N a  o f  5 0 0  m g  d a i l y  f o r  i n d i v i d u a l s  1 8  y e a r s  o f  a g e  ( S p a l l h o l z ,  e t  a l . ,  1 9 9 9 ) .  
K a r a t e  s a m p l e s  h a d  t h e  h i g h e s t  N a  c o n t e n t  (  1 4 5 0 1  m g / k g )  f o l l o w e d  i n  d e c r e a s i n g  o r d e r  
b y  p o t a t o  c h i p s ,  c a k e s  a n d  b i s c u i t s .  A l l  s a m p l e s  u n d e r  i n v e s t i g a t i o n  e x c e e d e d  t h e  m a x i -
m u m  R D A  v a l u e s  f o r  N a .  T h i s  m a y  b e  a t t r i b u t e d  t o  e x t e n s i v e  a m o u n t s  o f  s o d i u m  s a l t  
( N a C l )  a d d e d  t o  t h e s e  p r o d u c t s  t o  i n c r e a s e  p a l a t a b i l i t y  o f  t h e  s n a c k s .  T h e  r e s u l t s  r e p o r t -
e d  i n  t h i s  s t u d y  a r e  s i m i l a r  t o  t h o s e  o b t a i n e d  b y  O r a k ,  e t  a l . ,  ( 1 9 9 8 )  a n d  D a g l i o g l u e  a d  
T u n c e l ,  ( 1 9 9 9 ) .  
N i c k e l  ( N i ) :  
N i  i s  p r e s e n t  i n  a l l  h u m a n  t i s s u e ,  e v i d e n c e  f o r  i t s  h o m e o s t a t i c  c e l l u l a r  c o n t r o l  
( G a m m e l g a a r d  a n d  J o n s ,  1 9 9 5  ) .  N i c k e l  i s  a  c o m p o n e n t  o f  e n z y m e  u r e a s e .  T h e  h u m a n  
i n t a k e  o f  n i c k e l  v a r i e s  b e t w e e n  1 7 0  a n d  7 0 0  u g  / d a y  ( S p a l l h o l z ,  e t  a l . ,  1 9 9 9 ) .  B i s c u i t s  
a n d  c a k e s  h a v e  h i g h e r  N i  c o n c e n t r a t i o n  t h a n  t h e  o t h e r  s a m p l e s ,  b u t  n o  s a m p l e  e x c e e d e d  
t h e  r e c o m m e n d e d  d a i l y  i n t a k e .  R e s u l t s  w e r e  s i m i l a r  t o  t h o s e  r e p o r t e d  b y  M a r z e c  e t  a l . ,  
(  1 9 9 8 ) ,  b u t  h i g h e r  t h a n  t h o s e  r e p o r t e d  b y  I k e m ,  e t  a l . ,  2 0 0 2  f o r  i n f a n t  m i l k s .  
T h e  m e a n  c o n c e n t r a t i o n  o f  n i c k e l  i n  p o t a t o  c h i p s  w a s  6 3  u g / k g  d u r i n g  p e r i o d  1 9 8 8 - 9 2  
a n d  5 0  u g / g  d u r i n g  t h e  p e r i o d  1 9 9 2 - 9 7  i n  D e n m a r k  ( L a r s e n ,  e t  a l . ,  2 0 0 2 )  w h e r e  o t h e r  
t y p e s  o f  f o o d  h a d  N i  c o n t e n t  r a n g e d  f r o m  1 4  t o  2 2 5  u g / k g  d u r i n g  p e r i o d  1 9 9 2 - 9 7 .  
L e a d  ( P b ) :  
T h e  p r e s e n c e  o f  l e a d  i n  f o o d  i s  o f  g r e a t  c o n c e r n  s i n c e  c h i l d r e n  a r e  v e r y  s e n s i t i v e  t o  
i t s  t o x i c  e f f e c t s .  C h i l d h o o d  e x p o s u r e  t o  l e a d  m a y  i n d u c e  s u p p r e s s i o n  o f  m e n t a l  c a p a c i t y ,  
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and may lead to mental retardation and aggressive behaviors (Falomir, et al., 1999; 
Borden et al., 1997) and there is high association between lead exposure and children's 
intelligence quotient (Schwartz, 1994 ). The PTWI (Provisional Weekly Intake ) of lead 
was 0 .025 mg/kg for children as a maximum allowance value (FAQ / WHO, 1993 ). 
High Pb levels were found in the samples under investigation, especially in biscuits and 
potato chips. The high Pb content in those samples may be attributed to the lead con-
tent in raw material which reflect in turn the nature of soil in which it was grown, and/or 
due to the contamination of samples with Pb during the different industrial steps (i.e. 
preservation and/or processing) where different substances are employed to prevent 
spoilage, promote binding properties, enhance fl avor antioxidants and coloring agents. 
The obtained results are higher in Pb than those reported by Marezc, et al., (1998 ); EL-
Prince and Adel -Mohsen, (2001 ); Ikem, et al., (2002) and Caroli, et al. , (1999), but sim -
ilar to those recorded by Abdou and Korashy ( 200 l). 
Zinc (Zn): 
Zn is an essential element playing a wide variety of biochemical roles in vivo, and its 
deficiency or excess could affect children's development (Baht and Moy, 1997). Zn defi -
ciency can intensify Cd accumulation and toxicity (Brzoska and Moniuszko-Jakoniwuk, 
2001 ). All samples under investigation were within the recommended values of 10 
mg/day, (Alper, et al., 1995 ). The obtained results are similar to those reported by 
Marzec, et.al, (1998 ) and El - Prince and Abdel -Mohsen, (2001 ). 
CONCLUSIONS 
As noted by Sandstead ( 1997), the major exposure of humans to toxic elements 
occurs principally through their normal food supply. Most of the elements (Co, Cr, Fe, 
Mn, Ni and Zn) in food products commonly eaten by children and analyzed in the pres-
ent work were within the corresponding values of their nutritional requirement levels . 
Many food samples had higher Pb & Na content and lower Ca content than the recom -
mended daily intake. Potato chips had high concentration of Cu, Mg ad Na and Pb; 
karate had high concentration of K and Pb; biscuits had high concentration of Cr, Mn 
and Pb; and cakes had high concentration of Pb and low levels of Zn. It is strongly rec -
ommended that the food industry in Egypt pay more attention in supplying and in tech -
nological management of snack food products to avoid the exposure of children to dan -
gerously high levels of toxic elements, and chronically low levels of necessary elements. 
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T a b l e  1 .  M e a n  ( T r i p l i c a t e s )  E l e m e n t a l  C o n c e n t r a t i o n s  ( m g / k g )  o f  M a j o r ,  M i n o r  a n d  T r a c e  E l e m e n t s  
E x i s t i n g  i n  F o o d  S a m p l e s  C o l l e c t e d  f r o m  A s w a n  C i t y ,  U p p e r  E g y p t .  
S a m p l e s  C a  C d  
C o  
C r  C u  F e  
K  M g  
M n  N a  N i  
P b  
C h i p s  2 8 6 . 7  
0 . 0 5 3  0 . 2 9 8  3 . 9 8  3 . 8 2  1 8 . 0 7  
1 5 4 0 2  
1 5 8 3 . 4  
4 . 1 7 8  
8 6 8 4  0 . 5 1 8  0 . 6 5 0  
S n a c k  2 0 1 . 6  0 . 0 4 4  0 . 1 6 9  4 . 6 8  
0 . 6 8 0  1 7 . 4 6  3 3 0 4 . 8  3 6 6 . 7  1 . 8 8 7  1 3 5 4 2  0 . 3 7 1  0 . 5 5 8  
B i s c u i t  3 0 1 . 1  0 . 0 9 6  0 . 2 0 2  5 . 5 8  I . S I S  2 7 . 1 4  5 5 1 5 . 2  3 2 8 . 3  
3 . 9 5 6  
4 1 7 3  
l . 4 6 2  0 . 8 2 8  
C a k e s  4 3 8 . 7  0 . 1 2 6  4 . 3 9  
0 . 7 3 7  1 3 . 9 2  2 3 9 8 . 6  2 0 0 . 5  3 . 5 3  6 3 6 5 . 2  0 . 6 7 3  0 . 3 8 6  
T a b l e  2  :  D e s c r i p t i v e  S t a t i s t i c s  f o r  F o o d s  U n d e r  S t u d y  
E l e m e n t s  
N o .  M e a n  M e d i a n  T r  M e a n  S t  D e v  S e  M e a n  M i n i m u m  M a x i m u m  
C a  1 0 0  3 0 7 . 2 7  2 4 9 . 5 2  2 9 0 . 3 5  1 9 6 . 3 2  4 5 . 6  
3 3 . 9  9 7 3 . 7  
C d  1 0 0  0 . 0 4 8 2  0 . 0 0  0 . 1 7 5 2  0 . 0 7 1  0 . 0 2 9  0 . 0 0  
0 . 8 5  
C o  1 0 0  0 . 1 9 9  0 . 1 6 5 1  0 . 1 7 8 7  1 3 0 9  0 . 0 2 8 5  
0 . 0 0  0 . 6 5  
C r  1 0 0  4 . 6 5 9  
3 . 6 9 6  
4 . 7 2 3  
2 . 2 7 9  0 . 4 5 2  0 . 3 9 5  9 . 5 9  
C u  1 0 0  1 . 7 6 3  1 . 2 9 6  1 . 5 6 0  
0 . 9 7 3  
0 . 2 1 1 7  0 . 0 4 4  
6 . 8 7  
F e  
1 0 0  1 9 . 1 4 6  1 6 . 6 2  1 8 . 7 3  6 . 8 1  1 . 8 3 6  6 . 1 3  
6 2 . 6 6  
K  
1 0 0  6 6 5 5  6 1 7 2  6 5 5 3 . 2  3 1 4 3 . 2  7 2 6  1 1 8 1  2 0 4 0 1  
M g  1 0 0  6 1 9 . 7 2  4 4 4 . l  5 5 5 . 3 5  3 1 7 . 1 5  7 0 . 3 2  
7 1 . 7  
2 8 7 0  
M n  1 0 0  3 . 3 8 7  2 . 9 6 3  4 . 2 8  l . 6 4 2  0 . 3 9 3  
0 . 7 8 4  9 . 3 4  
N a  1 0 0  8 1 9 1 1  
6 8 0 0  
7 4 6 0  3 0 8 4 . 5  6 7 5 . 5  2 0 3 1  2 0 1 0 3  
N i  1 0 0  0 . 7 5 6  0 . 6 9 6 6  0 . 7 3 1 9  
0 . 3 9 9 3  0 . 0 9 0  0 . 0  2 . 7 6  
P b  
1 0 0  0 . 6 0 5  0 . 5 4 3 5  0 . 5 8 0 3  0 . 4 1 5 9  
0 . 0 9 0 7  0 . 0 1  l . 9 9  
Z n  
1 0 0  6 . 1 2 5  6 . 0 3 1  6 . 3 7 3  2 . 2 2  0 . 4 9 2  2 . 1 2  1 4 . 8 9  
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